MERCURY IN BIG CYPRESS BAYOU AND CADDO LAKE WATERSHEDS IN MARION AND HARRISON COUNTIES TEXAS by Watkins, Joseph
Stephen F. Austin State University 
SFA ScholarWorks 
Electronic Theses and Dissertations 
Fall 12-15-2018 
MERCURY IN BIG CYPRESS BAYOU AND CADDO LAKE 
WATERSHEDS IN MARION AND HARRISON COUNTIES TEXAS 
Joseph Watkins 
joewatkins1993@yahoo.com 
Follow this and additional works at: https://scholarworks.sfasu.edu/etds 
 Part of the Environmental Monitoring Commons, Geochemistry Commons, and the Geology Commons 
Tell us how this article helped you. 
Repository Citation 
Watkins, Joseph, "MERCURY IN BIG CYPRESS BAYOU AND CADDO LAKE WATERSHEDS IN MARION AND 
HARRISON COUNTIES TEXAS" (2018). Electronic Theses and Dissertations. 221. 
https://scholarworks.sfasu.edu/etds/221 
This Thesis is brought to you for free and open access by SFA ScholarWorks. It has been accepted for inclusion in 
Electronic Theses and Dissertations by an authorized administrator of SFA ScholarWorks. For more information, 
please contact cdsscholarworks@sfasu.edu. 
MERCURY IN BIG CYPRESS BAYOU AND CADDO LAKE WATERSHEDS IN MARION 
AND HARRISON COUNTIES TEXAS 
Creative Commons License 
This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 4.0 
License. 
This thesis is available at SFA ScholarWorks: https://scholarworks.sfasu.edu/etds/221 
  
 
  
  
MERCURY IN BIG CYPRESS BAYOU AND CADDO LAKE WATERSHEDS IN 
MARION AND HARRISON COUNTIES TEXAS 
 
 
 
 
BY 
 
 
JOSEPH DANIEL WATKINS, Bachelor of Science 
 
 
 
 
 
Presented to the Faculty of the Graduate School of 
Stephen F. Austin State University 
In Partial Fulfillment  
Of the Requirements  
 
 
For the Degree of  
Master of Science 
Stephen F. Austin State University 
December 2018 
  
MERCURY IN BIG CYPRESS BAYOU AND CADDO LAKE WATERSHEDS IN 
MARION AND HARRISON COUNTIES, TEXAS 
 
 
 
BY 
 
 
JOSEPH DANIEL WATKINS, Bachelor of Science 
 
 
APPROVED: 
 
_______________________________________ 
 Dr. Melinda Faulkner, Thesis Director  
 
 
_______________________________________  
Dr. Kevin Stafford, Committee Member  
 
 
_______________________________________  
Dr. Kenneth Farrish, Committee Member  
 
 
_______________________________________  
Dr. Matthew W. McBroom, Committee Member 
 
 
________________________________ 
Pauline M. Sampson, Ph.D.  
Dean of Research and Graduate Studies 
i 
 
Abstract 
 
Caddo Lake has been included on the Texas Commission on Environmental 
Quality 303(d) list for impairment due to mercury (Hg) content since 1996. One of the 
primary tributaries, Big Cypress Bayou, flows across Eocene-aged rocks and sediments 
associated with the Wilcox Group; the Wilcox is of interest because it contains lignite 
coal, which has a direct link to mercury. Previous research has focused on dry deposition 
from fossil fuel combustion as the primary source of mercury but has not addressed the 
potential watershed contribution to mercury concentrations in Caddo Lake. 
Big Cypress Bayou flows through Harrison and Marion counties in East Texas 
and is one of the primary tributaries of the Caddo Lake watershed. The watershed covers 
approximately 164km2; the study area includes a 15km segment of Big Cypress Bayou. 
Initial geochemical analyses were conducted by collecting physicochemical parameters to 
determine the chemical environment that may contribute to mobilization of mercury 
within the watershed. These data were used to develop a comprehensive sampling 
scheme to determine if the geochemical conditions present in Big Cypress Bayou are 
contributing to the mercury concentration in Caddo Lake.  
The results provided insight into the spatial and temporal distribution of mercury 
in the study area and areas of interest for future studies regarding mercury mobilization in 
ii 
 
the watersheds. This study also identified other areas that may be contributing to the 
unique geochemical environment of the Caddo Lake watershed.  
iii 
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Introduction 
 
Big Cypress Bayou flows along the border of Harrison and Marion counties in 
East Texas and is one of the primary tributaries of the Caddo Lake watershed (Figure 1). 
The watershed covers approximately 164km2 and the study area includes a 15km segment 
of Big Cypress Bayou that flows in an easterly direction from the town of Jefferson, 
Texas to the State Highway 43 bridge where the bayou flows into the western portion of 
Caddo Lake (Figure 2). Streams in the area flow across Eocene-aged lithologies, namely 
the undivided Wilcox Group, and the Reklaw and Queen City Sand of the Claiborne 
Group. The Wilcox Group is of special interest because it contains lignite coal, which 
contains variable concentrations of mercuy (Hg).  
Throughout its history, Caddo Lake has served as a major transportation conduit 
for people and commercial products via steamboat in the 19th century. In the early 1800s, 
a log jam known as the Red River Logjam or the Great Raft, caused Caddo Lake to 
become deep and wide enough to accommodate larger steamships. Those steamships 
began their travel in New Orleans and traveled up the Mississippi and Red rivers to 
Jefferson, Texas via Caddo Lake and Big Cypress Bayou (Atkinson, 2009). The town of 
Jefferson became a commerce hub and eventually grew to be one of the largest ports in 
Texas, second only to Galveston. (Atkinson, 2009). Cotton was an important economic  
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Figure 1. Map of the watersheds surrounding the western half of Caddo Lake, and their 
relation to the study area. Data provided by Texas Natural Resources Information System 
(TNRIS) and the Arthur Temple College of Forestry and Agriculture, Stephen F. Austin 
State University. 
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Figure 2. Big Cypress Bayou watershed extends from Lake of the Pines to the confluence 
of Big Cypress and Black Cypress bayous. Data provided by TNRIS and the Arthur 
Temple College of Forestry and Agriculture, Stephen F. Austin State University. 
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commodity and was transported from Jefferson to New Orleans to be sold in the markets  
 (Caddo Lake, 2007). There are two other smaller towns near Caddo Lake: Karnack, most 
famous for being the birthplace of Lady Bird Johnson, and the town of Uncertain. 
Uncertain got its name in the shipping days because any package that lost its tag during 
transit was dropped off at this port for potential distribution (Atkinson, 2009). In the early 
20th century, Caddo Lake was the initial site for the establishment of overwater oilrigs, 
the precursor to platform drilling around the world. 
More recently, surface mining of lignite bearing units in the Wilcox Group and 
combustion of lignite to produce electrical energy has influenced many of the 
waterbodies in East Texas. Since 1995, Caddo Lake has been listed on the Texas 
Commission on Environmental Quality 303(d) list for impairment due to Hg content 
(TCEQ, 2014). Previous research has focused on dry deposition of Hg from fossil fuel 
combustion as the primary source of Hg but has not addressed the potential watershed 
contribution to Hg concentrations in Caddo Lake. 
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Literature Review 
Regional Setting 
Caddo Lake Watershed 
Hydrologically, Caddo Lake has undergone several significant changes in the last 
200 years. The formation of Caddo Lake is a debated topic; according to the Caddo 
Indians, the lake was formed by earthquakes and flooding. Modern historians say it was 
the result of the Great Raft, a massive logjam in the Red River, which in the early 1800s 
forced a large amount of water to back up into Big Cypress Bayou, forming Caddo Lake 
(Atkinson, 2009). In the late 1800s, the U.S. Army Corp of Engineers removed what was 
left of the Great Raft, thus freeing passage up the Red River and causing Caddo Lake to 
drain to a level that did not allow steamboats to pass (Caddo Lake, 2007). Over the next 
100 years, the original lake shrank in size and maintained very shallow water, until the 
U.S. Army Corps of Engineers (USACE) constructed a dam and spillway to raise the 
water level (Winemiller et al., 2005). In the early 1900s, the U.S. government established 
a water navigation improvement plan to dredge the channels in the Caddo Lake 
watershed in order to allow boats back up river, and in 1914, an earthen dam was 
constructed that raised the water level of the lake (Caddo Lake, 2007). In 1960, with the 
completion of Lake O’ the Pines 90 kilometers upstream, inflows into Lake Caddo were 
substantially altered, reducing the flow by approximately 5% annually (Winemiller et al., 
2005).  
 6 
Caddo Lake drains an area of approximately 4,247 km2 and has a storage capacity 
of approximately 0.216 km3. Major tributaries into Caddo Lake include Big Cypress, 
Little Cypress, and Black Cypress bayous (Figure 1), accounting for approximately 70% 
of the total drainage area of Caddo Lake. The present Big Cypress drainage reflects the 
geomorphologic changes that have occurred over the last two million years. The 
geomorphology of the Big Cypress Bayou (between Lake O’ the Pines and Caddo Lake) 
has been mapped by the USACE, Vicksburg District, as part of the Red River Waterway 
project in 1993. According to USACE, geologic mapping was conducted in the study 
area and three major geomorphic surfaces were described. The surfaces were 
differentiated by their physical characteristics, their age, and the type of processes active 
on these surfaces, identified as floodplain, terraces, and valley slopes (Albertson and 
Dunbar, 1993). The floodplain is described as the landform adjacent to the stream, 
composed of unconsolidated depositional materials from periodic flooding. Terraces are 
abandoned floodplains that exist above the present floodplain. Valley slopes are defined 
by a sharp break in the topography between the terrace and the floodplain (Albertson and 
Dunbar, 1993). 
 
Climate 
The Big Cypress Bayou watershed is located in the Interior Coastal Plains of 
Texas characterized by low rolling hills and heavily wooded terrain covered by a mix of 
pines and hardwoods. In Harrison and Marion counties, the mean annual temperature for 
 7 
fluctuates between highs of 34⁰C in the summer months and lows of 1⁰C in the winter 
months. The mean average rainfall for the area in Jefferson, Texas is 124 cm per year 
(NOAA). The area is home to the largest Bald Cypress habitat in Texas as well as a very 
diverse ecosystem. Caddo Lake and the surrounding area hosts 216 species of birds and 
waterfowl, 47 different mammals, and over 90 species of reptiles & amphibians; many of 
which are found only at Caddo Lake (Caddo Lake Institute, 2007). Big Cypress Bayou 
has a mean annual discharge of 8.5 m3/sec as recorded by the USGS gaging station 
located near Jefferson, Texas (Figure 3; USGS, 2018).  
 
Figure 3. Graph of the hydrologic conditions: depth and discharge of Big Cypress Bayou 
recorded at Jefferson, Texas by United States Geological Survey gaging station number 
07346000 (United States Geological Survey, 2017). Precipitation data collected by the 
National Oceanic and Atmospheric Administration weather station in Jefferson, Texas 
(NOAA, 2017). 
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Soils  
The soils in the study area were derived from alluvial deposits transported by Big 
Cypress Bayou and its tributaries and deposited across floodplains and terraces as the 
Caddo Lake watershed was formed. Soils in the floodplains around the bayou are 
frequently flooded, and all formed on horizontal to sub-horizontal surfaces.  
The primary soils in the study area were determined using the soil mapping tool available 
on the Natural Resources Conservation Service’s (NRCS) Web Soil Survey. There are a 
large number of soils present in Caddo Lake’s watershed with three main soil orders 
present: Alfisols and Entisols cover most of the study area, while Inceptisols cover less 
than ten percent of the total study area (NRCS, 2017). 
Alfisols are soils that are enriched in aluminum and iron, with a combination of 
unique properties such as an ochric or umbric epipedon, an argillic or natric horizon, and 
water available for plants for more than six months of the year and three months 
consecutively (NRCS, 1999). Entisols can be found in almost any climate and associated 
with any vegetation type (NRCS, 1999). What makes Entisols unique is a dominance of 
mineral soil material and an absence of pedogenic horizons. The absence of pedogenic 
horizons is most often due to inert parent material such as quartz sand, in which horizons 
do not readily form (NRCS, 1999). Other factors that could contribute to the lack of 
pedogenic horizons include insufficient time for soil formation or a high rate of erosion 
and deposition, such as along stream channels (NRCS, 1999). The unique properties of 
Inceptisols are a combination of water available to plants for more than half the year or 
 9 
more than three consecutive months during a warm season and one or more pedogenic 
horizons of alteration or concentration with little accumulation of translocated materials 
other than carbonates or amorphous silica (NRCS, 1999).  
 The above-mentioned soils are found in the study area forming over floodplains 
and terraced surfaces proximal to Big Cypress Bayou. These soils are characterized by 
horizon development induced by soil forming processes. Within the bayou channel, 
transitory fluvial sediments associated with stream processes mantle the edges of the 
stream. These sediments do not exhibit any horizon development and would not be held 
in place long enough to be considered soil. A complete list of the major soil series found 
in the study area are listed in the Appendix. 
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Mercury 
Mercury (Hg) is one of the 92 naturally occurring elements; and depending on its 
chemical form and route of exposure, may be toxic. Hg is found naturally in soils, 
sediments, ore rocks, and as a trace element; however, it can also be introduced to the 
environment as a contaminant (United States Geological Survey, 2000). Hg can be found 
in several forms in the environment but most commonly found in one of three oxidation 
states: elemental mercury Hg (0), methylmercury MeHg, and divalent mercury Hg(II). 
Elemental mercury, Hg (0), is a liquid at room temperature and also exists as a vapor in 
the atmosphere (TCEQ, 2004). Elemental mercury is the most common form found in the 
atmosphere, with 95 to 98 percent of all atmospheric Hg occurring as Hg (0). Divalent 
mercury, Hg(II), is also known as gaseous reactive Hg; it is highly soluble and often 
forms various salts in the environment (TCEQ, 2004). These salts include mercury (II) 
chloride (HgCl2), mercury (II) hydroxide (Hg(OH)2)
 and mercuric sulfide (HgS). 
Divalent mercury can be deposited as wet deposition during precipitation or as dry 
deposition (TCEQ, 2004). Methylmercury (MeHg+) is different; it is an organic Hg 
compound that is created by microorganisms living in the soil and sediment. Through 
methylation, Hg can become bioavailable to higher organisms, and is the major source of 
organic Hg (TCEQ, 2004). 
The effects of Hg are dependent on the method of exposure, the extent and 
duration of exposure, and the chemical form of the Hg. Methylmercury is the most toxic 
form and is harmful to the human body in several ways; it affects the immune system, 
 11 
alters genetic and enzyme systems, and damages the nervous system, including 
coordination and the sense of touch, taste, and sight (United States Geological Survey, 
2000). Elemental mercury is the form found in thermometers; it is known to cause 
tremors, gingivitis and excitability when vapors are inhaled over a long period. Even 
though elemental mercury is less toxic than methymercury, it can be found in higher 
concentrations in areas such as mining sites where it has been used in the amalgamation 
process to extract gold (United States Geological Survey, 2000). 
Alkali and metal processing, incineration of coal, medical and other waste, and 
mining of gold and Hg contribute to Hg concentrations in some areas, but these 
concentrations are geographically constrained; atmospheric deposition is the dominant 
source of Hg over most of the landscape. Once in the atmosphere, elemental Hg can be 
widely disseminated and circulate for years, accounting for Hg’s wide­spread distribution 
(Environmental Protection Agency, 2015). These releases can occur naturally when 
volcanoes and forest fires send Hg into the atmosphere.  
In February 1998, The U.S. Environmental Protection Agency (EPA) issued a 
report citing Hg emissions from electric utilities as the largest remaining anthropogenic 
source of Hg released to the atmosphere (United States Geological Survey, 2000). EPA 
officials estimated that approximately 50 tons of elemental Hg is emitted each year from 
U.S. coal-fired power plants, with lesser amounts coming from oil- and gas-burning units. 
According to EPA estimations, emissions from coal-fired utilities account for 13 to 26 
percent of the total (natural plus anthropogenic) airborne emissions of Hg in the United 
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States (United States Geological Survey, 2000). On December 14, 2000, the EPA 
announced that it would require a reduction in Hg emissions from coal-fired power 
plants, with regulations proposed by 2003 and final rules for implementation completed 
by 2004 (Tewalt et al., 2001).  
In 2016 a study was conducted by Zhang et al. (2016) at Harvard University, 
which looked at the global decrease in atmospheric Hg by anthropogenic emissions. This 
study reported a measured decline in North America and Europe of approximately one to 
two percent per year from 1990 to 2015 (Zhang et al., 2016). They identified a 20 to 30 
percent decrease in global mercury emissions but a much larger decrease in North 
America and Europe that offsets the effects of increasing emissions from Asia. The 
findings of the study have reinforced the major benefits derived from the phaseout of Hg 
in several products and emissions controls on coal combustion (Zhang et al., 2016). This 
study also concluded that the Hg deposited locally around coal-fire powerplants has 
declined more rapidly than originally anticipated. This large decline is attributed to 
phaseout of Hg in commercial products as well as the ancillary benefits resulting from 
reduced sulfur dioxide and nitrous oxide emissions from coal-fired utilities (Zhang et al., 
2016). 
Previous studies have been conducted on the subject of mobilization of Hg in 
fluvial environments. Demer (2009) discussed two relevant topics: (1) the influence of 
hydrogeological setting on the concentration, flux, and residence time of Hg and 
 13 
methylmercury in different wetland types, and (2) the inhibition of methylmercury 
production in redox conditions in freshwater wetlands. The results of this research 
showed that the differences in Hg and methylmercury concentrations changed very little 
as a result of different hydrologic settings within wetland porewater (Demer, 2009). 
Differences in Hg and methylmercury flux from different wetland types were calculated 
using Darcy’s law, and results indicated that Hg flux was driven by the hydrologic 
parameters of hydraulic gradient and hydraulic conductivity rather than by porewater 
concentration (Demer, 2009). Wetland environments can be hotspots of methylmercury 
production and potential sources of bioavailable methylmercury to aquatic environments 
(Demer, 2009). This study showed that nitrate and ferrous iron are associated with the 
inhibition of net methylmercury production in riparian wetlands. It also showed that 
abiotic methylation via dissolved organic carbon (DOC) mechanisms may be important 
in headwater ombrotrophic bogs under natural environmental conditions (Demer, 2009). 
Deonarine (2011) evaluated Hg contamination in aquatic ecosystems. The study 
focused on anaerobic aquatic sediments as a primary source of methylmercury production 
in freshwater (Deonarine, 2011). Biogeochemical speciation of Hg is a critical factor, 
which influences the fate and transformation of Hg in aquatic environments (Deonarine, 
2011). Hg that is undergoing methylization in aquatic systems enters these environments 
from sources such as atmospheric deposition, landscape runoff, and weathering of Hg 
bearing rocks and sediments. The field observations conducted in the study suggested 
that the soils from the athletic fields were the major source of Hg to the landscape runoff 
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due to large concentrations of Hg in the soils relative to other sample locations 
(Deonarine, 2011). Landscape runoff from a Duke University Campus catchment was 
identified as a source of Hg to an urban stream-wetland. The Hg found in this catchment 
from the contaminated turf grass was calculated to be approximately 74% of the total 
catchment while the other sources provided only 26% (Deonarine, 2011).  
Anderson (2013) conducted a study on the mobilization of Hg-contaminated 
sediment in a regulated river. The focus of this study was to identify the fate of particle-
bound contaminants in regulated rivers, accomplished by understanding modern 
sedimentation and contaminant inventory (Anderson, 2013). The research confirmed that 
using models of flow velocities and sediment residence times can aid in the effort to 
locate and effectively contain heavily polluted sediments (Anderson, 2013). 
 
Mercury in Lignite Coal 
 Paul et al. (2008) conducted a study on the distribution of Hg in the Oak Hill 
lignite mine in Rusk County, Texas. Their research focused on the distribution of Hg in 
relation to the mineralogy and stratification within a single coal seam of the Wilcox 
Group southeast of Jefferson, Texas. East Texas lignite from the Sabine Uplift is mainly 
composed of lithified organic matter and associated accessory minerals including quartz, 
basanite (ashed gypsum), pyrite, kaolinite and others (Paul et al., 2008). Pyrite was a 
primary focus of their study because Hg is commonly associated with pyrite due to the 
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presence of sulfur (Paul et al., 2008). Pyrite was distributed throughout the lignite, 
correlating to the distribution of Hg; however, Hg was also associated with other minerals 
in the lignite as well (Paul et al., 2008).  
 
Mercury Transport 
Atmospheric Processes 
Direct atmospheric deposition is a major source of Hg loading in many East 
Texas waterbodies including Caddo Lake (TCEQ, 2004). Transport and deposition of Hg 
occurs in two forms: dry deposition related to particle setting and wet deposition 
associated with precipitation. The most established method for estimations of wet and dry 
deposition is through air deposition models, such as Comprehensive Air Quality Model 
with extension (CAMx) and Regional Modeling System of Aerosols and Deposition 
(REMSAD). Both models have been used to estimate wet and dry deposition of Hg in the 
United States. They provide models for wet and dry depositions rates at a high spatial 
resolution, and they also provide the ability to estimate the effects of emission reduction 
scenarios (TCEQ, 2004). 
Watershed Processes 
Unlike deposition from air, there is significant uncertainty as to the contribution 
of Hg to the waterbodies from their watersheds (TCEQ, 2004). Some studies state that 
watershed contribution is as low as 16% while others state that it is as high as 78% 
 16 
(TCEQ, 2004). The major source of Hg to most waterbodies is directly from the air; 
however, the watershed sources can be significant. Watershed processes include transport 
of Hg (0) and Hg (II), as well as transformations of Hg (0) and Hg (II) in soils and other 
surfaces (TCEQ, 2004). 
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Geologic History 
Precambrian Eon 
The geologic history of this region began in the Precambrian and is characterized 
by outcrops in the Llano Uplift, Carrizo Mountains near Van Horn, and Franklin 
Mountains of West Texas (Mosher, 1998). During the late Proterozoic, most of Texas 
was involved in a period of intense deformation that extended from southeastern Canada 
through the core of the Appalachian Mountains and continued through Central and West 
Texas known as the Grenville Orogeny (Mosher, 1998). The Grenville Province is 
interpreted as evidence in the geologic record of the continent-continent collision 
associated with the forming of the supercontinent Rodinia. It is unclear what continent 
collided with the North American craton, but the rocks have been interpreted to represent 
igneous and sedimentary rocks associated with an island arc system that were accreted on 
to the southern margin of North America during the collision (Urbanczyk et al., 2001).   
Paleozoic Era 
During the Paleozoic, the southern margin of the North American craton went 
through four major transgression / regression cycles lasting from the late Proterozoic to 
the beginning of the Permian (Arbenz, 1989). This cycle ended with a tectonic plate 
collision that occurred between the North American, European, and African-South 
American continental plates creating the supercontinent Pangea (Ferring, 2007). When 
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the collision occurred, the rocks that formed as a result of the collision as well as older 
rocks were pushed up to form the Ouachita Mountains (Ferring, 2007). This tectonic 
event, known as the Ouachita Orogeny, uplifted, faulted, and folded the Paleozoic 
landscape into a mountain range that extended across Arkansas, Oklahoma, and Texas 
(Anaya and Jones, 2009). Before the final uplift, deposition of a Late Permian age 
carbonate reef, followed by evaporite deposition, occurred within a shallow inland sea 
north and west of the Ouachita Fold Belt in an area now known as the Texas Permian 
Basin (Anaya and Jones, 2009). 
Mesozoic Era 
Approximately 240 million years ago, the major geologic events in Texas shifted 
from West Texas to include east and southeast Texas. The Eurasian, African, and South 
American plates, which had collided with the North American plate at the end of the 
Paleozoic, began to separate from North America. A series of faulted basins, or rifts, 
extending from Mexico to Nova Scotia were formed (Bureau of Economic Geology, 
1993(b)). As shown in Figure 6, the precursor to the East Texas Basin began to form as a 
rift along the southern boundary of the Laurentia (Brown, 2002). The end of the Ouachita 
tectonic cycle initiated the Gulfian tectonic cycle, as North America and South America 
began to separate and rift from the European and African plates and the Gulf of Mexico 
began to form (Anaya and Jones, 2009). The Gulf of Mexico formed during two major 
rifting events. The first rifting event began in the early Jurassic and the second occurred 
in the middle to late Jurassic (Peel et al., 1995). The first event was characterized as a 
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passive margin created through extensional forces that would later form the proto Gulf of 
Mexico Basin (Scott, 2010). The second rifting event caused the proto-Gulf of Mexico 
basin to become flooded with saline waters sourced from the widening Atlantic Ocean.  
During the late Jurassic, an opened waterway was established between the 
Atlantic Ocean and the Gulf of Mexico (Pair, 2017). The rifting changed the drainage 
direction from the northwest into the Permian inland seas, to the southeast into the 
developing Gulf of Mexico (Anaya and Jones, 2009). At this time, platform carbonates 
and sandstones of the Smackover and Haynesville formations were deposited. As part of 
the continued transgression/regression cycles the East Texas Basin continued to grow 
(Brown, 2002; Figure 4). 
Once the Gulf of Mexico was connected to the Atlantic Ocean, there were several 
series of transgressive cycles during the late Jurassic and Cretaceous period, which 
covered most of Texas once again, and deposited sediments that would eventually form 
the sedimentary rocks of the Gulf Coastal Plain. This plain provided the structural 
foundation for Cretaceous continental shelf deposits of the Trinity and Edwards group 
sediments. By the late Cretaceous (approximately 85 million years ago), shallow 
Mesozoic seas covered a large part of Texas (Bureau of Economic Geology, 1993(b)) in 
three cycles of transgression/ regression (Anaya and Jones, 2009). Today, the carbonate 
rocks deposited in those seas are exposed in the canyon walls of the Rio Grande in the 
Big Bend National Park area and across most of Central Texas, including the Edwards  
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Figure 4. Cross sections showing evolutionary stages of the East Texas Basin (from 
Brown 2002). 
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Plateau and Lampasas Cut Plain (Bureau Of Economic Geology, 1993(b)). 
Cenozoic Era 
At the end of the Cretaceous Period, the southern coastline of Texas begun 
shifting toward the Gulf of Mexico, and by the beginning of the Cenozoic Era, the Gulf 
Coastal Plains covered approximately one-quarter of present-day Texas (Ferring, 2007). 
These layers were deposited as the Gulf of Mexico shoreline fluctuated during the 
Paleogene Period (Galloway et al., 2000), and the outcrop pattern and distribution of the 
sedimentary lithologies in East Texas are nearly parallel with the pattern of distribution 
of modern sediments in the Gulf of Mexico and its adjacent coastal plain (Shaw, 2006).  
Eocene shoreline fluctuations caused inter-bedded friable sandstones and 
mudstones to be deposited. During this period, the East Texas Basin (Figure 5) began 
filling with a series of fluvial and deltaic sediments, including lignite seams associated 
with anoxic coastal lagoons and hardwood swamps. At this time, the Mississippi River 
flowed across the East Texas area and a large delta covered the land north of present-day 
Houston (Bureau Of Economic Geology, 1992(a)).  
Across East and Central Texas, rivers carried sediments from continental 
exposures to the deepening Gulf of Mexico. Between Dallas and Galveston, the low 
gradient Trinity River caused long periods of progradation of sediments into the Gulf 
(Ferring, 2007). During the Paleogene, long periods of erosion and shoreline regression 
were followed by small periods of deposition and transgressions; this process created 
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thick deposits of marine sediments throughout most of East Texas south to the Gulf Coast 
(Ferring, 2007). Deltaic systems developed during the regressional stages, which is 
represented by the diverse geologic sequences of the Wilcox Group. Common during the 
periods of regression were tropical hardwood swamps and large accumulations of plant 
life that would later be buried and preserved to form lignite.  
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Figure 5. Map of the major structural features of East Texas including the Ouachita 
Thrust Fault, Sabine Arch, and the East Texas Basin. Modified from US Geological 
Survey Open-File report 95-595 by P.D. Warwick and S.S. Crowley, October 2017.   
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Stratigraphy 
Surface and subsurface sedimentary rocks in the Big Cypress Bayou watershed 
are composed of Eocene-aged lithologies and more recent fluvial sediments. The Wilcox 
Group and the lower Claiborne Group are represented in the exposed strata of the study 
area (Figure 6). These rocks provide one of the best-known examples of cyclic 
sedimentation; layers of non-marine near shore sands with alternating glauconitic 
fossiliferous marine clays and silts (Eargle, 1968). Figure 7 shows the stratigraphic 
column and the environments in which these layers were deposited. Lignite seams are 
common in the Wilcox Group, and during Claiborne Group deposition, there were at least 
three periods of major and rapid transgression regression cycles (Eargle, 1968).  
Wilcox Group 
The Wilcox Group is composed of Eocene sediments that are part of a 
sedimentary wedge that thickens as it moves towards the Gulf of Mexico (Scott, 2010). 
The Wilcox Group consists mostly of alternating layers of silty and sandy clay with 
interbedded seams of lignite. The Wilcox Group is considered laminated to massive, with 
local crossbedding (United States Geological Survey, n.d. (a)). It weathers to different 
shades of gray, brown, red, and yellow. Concretions of siltstone and ironstone are 
common in the unit and there are abundant plant fossils present with a small number of 
marine fossils found in the area (United States Geological Survey, n.d. (b)).  
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Figure 6. Geologic map of the study area. Information provided by TNRIS and Arthur 
Temple College of Forestry, Stephen F. Austin State University, November 2016. 
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Figure 7. Stratigraphic column of study area with depositional environments (modified 
from Fisher, 1964 and Forestar, 2011). 
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Carrizo Formation 
The Carrizo is found as a featheredge north of the Sabine Uplift for 800 km 
southwestward into the Rio Grande embayment, where it is more than 300 m thick, and 
continues across the Rio Grande into Mexico (Eargle, 1968). The Carrizo is generally a 
massive to cross-bedded quartz sand with minor amounts of feldspar and chert grains. In 
some locations, the Carrizo contains partings of carbonaceous, micaceous, silty clay or 
sand, which may have been deposited under fluvial conditions in a nearshore 
environment. At the surface, it unconformably overlies the sands, Silts, and clays of the 
Wilcox Group, but in the downdip subsurface, its sands are difficult to distinguish from 
those of the Wilcox (Eargle, 1968). 
 Reklaw Formation 
The Reklaw Formation consists of evenly bedded calcareous mudstones 
containing glauconitic sandy stringers, lignite, and massive limey marls (Collins, 1980; 
Shaw, 2006).  The Reklaw contains two members: the lower Newby Member and the 
upper Marquez Shale. The Newby Member is a medium to coarse-grained sandstone and 
dark-brownish to reddish gray claystone with ironstone concretions. The upper Marquez 
Shale consists of carbonaceous clays and silt with marine megafossils. Lentils of 
glauconitic clay, quartz sand, clay, and clay-ironstone ledges form a low scarp (Killion 
III, 2005; Shaw, 2006).  The Reklaw ranges in thickness from 9 to 40 m in East Texas 
(Eargle, 1968). 
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Queen City Sand 
The Queen City Sand lies conformably over the Reklaw Formation; it is a friable, 
well-sorted sandstone, consisting of mostly thick-bedded, cross-bedded, fine to very fine 
quartz sand interbedded with silt and clay, and localized greensand units. Some outcrops 
in East Texas have a distinct bed of glauconite present (Eargle, 1968). The Queen City 
weathers red and white mottled, can form ferruginous ledges, and has a thickness ranging 
from 75 to 150 m (United States Geological Survey, n.d (b)).  
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Study Area 
Big Cypress Bayou flows along the border of Harrison and Marion counties in 
East Texas and is one of the primary tributaries of the Caddo Lake watershed. The 
watershed covers approximately 164km2; the study area includes a 15km segment of Big 
Cypress Bayou from the town of Jefferson, Texas to where it flows into the northwestern 
portion of Caddo Lake at the Highway 43 bridge (Figure 1). Streams in the area flow in 
an easterly direction across Eocene-aged lithologies from the Wilcox and Claiborne 
Groups, namely the Reklaw and Queen City Sand. The Wilcox Formation is of special 
interest because it contains lignite coal with varying concentrations of Hg.  
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Objectives 
The objectives of this study were to determine the geologic contribution of 
metals, with an emphasis on Hg concentration and mobilization, to waters and sediments 
within the Caddo Lake watershed by: 
• Spatial delineation and geologic characterization of lithologies, sediments, and 
morphological features within the western portion of the Caddo Lake 
watershed and Big Cypress Bayou. 
• Spatial delineation of geochemical parameters to determine sampling site 
locations 
• Geochemical analyses of stream sediment cores to determine Hg content and 
potential transport. 
• Geochemical analyses of stream water composition.  
• Modeling potential watershed mobilization and contribution of Hg from Big 
Cypress Bayou watershed into Caddo Lake. 
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Significance 
Caddo Lake includes one of the largest bald cypress ecosystems in the United 
States and is well known for its exceptional wildlife diversity and recreational 
opportunities (Hartung, 1983). One of the primary tributaries of Caddo Lake is Big 
Cypress Bayou, which functions as a major geochemical contributor to the environment 
in Caddo Lake. Caddo Lake also serves as the primary source of drinking water for 
several surrounding communities.  
Since 2000, Caddo Lake and some of its tributaries have been listed on the State 
of Texas Clean Water Act 303(d) list by the Texas Commission on Environmental 
Quality (TCEQ, 2011). The latest report (TCEQ, 2014) lists impairments for the 
following parameters: depressed dissolved oxygen, Hg in edible tissue, and low pH 
values. This research will provide baseline geochemical data regarding the concentration, 
mobilization, and transport of metals, with an emphasis on Hg, within Big Cypress Bayou 
and the potential watershed contribution to impairment of Caddo Lake. 
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Methodology 
In order to determine the potential watershed contribution of metals, including 
Hg, to waters and sediments within the Caddo Lake watershed, a variety of 
methodologies were employed including spatial analyses, site assessment and spatial 
delineation of geochemical parameters, sediment core and stream water sampling, 
particle size distribution of sediment samples, and laboratory analyses. The results from 
these analyses were used to model Hg occurrence and potential transport in the Caddo 
Lake watershed.  
 
Spatial delineation of geochemical parameters 
A 15km stretch of Big Cypress Bayou was selected as the area of interest for site 
assessment. Geologic characterization of lithologies and sediments was conducted 
remotely by using the Texas Natural Resource Information System (TNRIS) online 
database to create initial geologic maps of the study area (Figure 6). Soils in the study 
area were delineated using the National Resource Conservation Service (NRCS) online 
database.  
Reconnaissance of the study area was conducted in February 2017 to determine 
the lithologic contacts, geomorphic surfaces, and other features of geologic interest. 
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Spatial delineation of the geochemical parameters of the 15km transect of Big Cypress 
Bayou was conducted to determine possible locations for sediment core sampling. Data 
for these analyses were gathered by deploying a YSI 6920 multi-parameter sonde to 
collect physicochemical data to determine sites of geochemical interest for future sample 
collection. Physicochemical characteristics such as pH, conductivity, temperature, and 
turbidity were continually measured with the sonde; during data collection the sampling 
equipment was coupled with a GPS unit for spatial reference. The pH measurements were 
recorded at a resolution of 0.01 units with an accuracy of ± 0.02 units. Conductivity 
measurements were recorded at a resolution of 0.001 mS/cm with an accuracy of ± 0.5%. 
Temperature was recorded at a resolution of 0.01⁰C with an accuracy of 0.15⁰C. 
Turbidity measurements were recorded at a resolution of 0.1 NTU with an accuracy of ± 
2% of the reading. The dissolved oxygen probe malfunctioned, and no data was recorded 
for the saturation percent of dissolved oxygen.  
These data were analyzed to determine the spatial relationships between 
physiochemical measurements to aid in selecting sampling locations. Ten sites were 
selected based on the physiochemical data collected in February 2017 and the stream 
morphology of Big Cypress Bayou (Table 1 and Figure 8).  
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Table 1. Location and geomorphic description for each of the ten sample locations. 
Sample 
Location 
GPS 
coordinates 
(Decimal 
Degrees) 
Distance 
upriver 
from 43 
Bridge 
(km) 
Side of 
river when 
facing 
downstream 
Cut 
Bank 
vs 
Point 
Bar 
Vegetation 
Cover 
(percent) 
Terrain 
Special 
Features 
1 
32.76067,  
-94.30386 
13 Right 
Cut 
Bank 
60 
Valley 
slope 
N/A 
2 
32.76712,  
-94.28840 
12.2 Right 
Point 
Bar 
20 Floodplain N/A 
3 
32.77099, 
 -94.28908 
12.9 Left 
Point 
Bar 
90 Floodplain N/A 
4 
32.76596,  
-94.28387 
11.9 Right 
Point 
Bar 
20 Floodplain N/A 
5 
32.76013,  
-94.27771 
11 Right 
Cut 
Bank 
45 Terrace N/A 
6 
32.75225, 
 -94.26451 
9.2 Right 
Cut 
Bank 
50 Terrace 
channel 
that leads 
to 
retention 
pond 
7 
32.74755,  
-94.25676 
8.5 Right 
Cut 
Bank 
55 
Valley 
slope 
N/A 
8 
32.74393,  
-94.24772 
7.8 Right 
Point 
Bar 
20 
Valley 
slope 
N/A 
9 
32.74496,  
-94.23848 
7.2 Left 
Point 
Bar 
25 Floodplain 
high water 
level in 
the soil 
10 
32.70810,  
-94.22396 
3.1 Left 
Cut 
Bank 
35 
Valley 
slope 
located in 
a small 
cove 
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Figure 8. Map of each of the ten sample locations selected based on physiochemical 
analyses and stream morphology (data provided by TNRIS). 
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Sediment Core and Water Sampling 
Four series of sediment core samples were collected during the study period. The 
first series of sediment sampling was conducted during the month of April 2017. During 
this sampling series, two 30 cm sediment cores were collected at each of the ten sample 
locations (n=20). These samples were collected using a 30 cm AMS core sampler with 
plastic sediment core sleeves (Figure 9A) inside to contain the samples. The plastic 
sediment core sleeves were then capped to retain the sediment in the sleeves, labeled and 
placed on ice in a cooler, and transported back to the laboratory where they were placed 
in the freezer for 48 hours to allow them to stabilize. One of the 30 cm sediment cores 
from each sample location (n=10) while frozen were cut in half lengthwise using a 
bandsaw to determine potential sedimentation patterns (Figure 9C). The second set of 
core samples (n=10) were used to determine particle size distribution for each sampling 
location.  
Three additional sampling series were conducted June, October, and November 
2017. For each sampling series, 15 cm plastic sediment core sleeves were used to collect 
four sediment cores at each of the ten locations (n=40) (Figure 9A). These samples were 
collected by inserting the plastic sediment core sleeves directly into the ground; this was 
possible due to the water saturation of the sediment. The sleeves were then capped and 
placed on ice in a cooler to preserve the samples. The samples were then transported to 
the laboratory where they were placed into a freezer for a minimum of 48 hours.  
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Figure 9. (A) Two different size sample collections tubes 15cm and 30cm. (B) Harvest 
Right freeze dryer was used to prepare the samples. (C) Frozen 30cm cores were cut in 
half lengthwise to determine sedimentation patterns.  
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The 15 cm sediment cores were then cut into four equal parts measuring 3.5 cm 
each. These four parts were labeled, from the surface, interval A, B, C, and D, for a total 
of 16 samples at each location, providing a total for each sampling series of 160 samples. 
Each of these samples were labeled, put into individual bags, and refrozen until 
laboratory facilities were available. Before laboratory analyses, random samples from 
each of the ten sample locations from the three-sampling series (n=120) were placed in a 
Harvest Right freeze dryer (Figure 9B) to remove the water content without allowing Hg 
present to volatilize. The freeze-dried samples were taken to the SFA Soil, Plant, and 
Water Analysis Laboratory for Hg and metal analyses. Once the samples were taken to 
the lab they were kept in a freezer until they were analyzed.  
Ten water samples, collected from each of the sampling locations, were collected 
by plunging a 500 mL Nalgene water sampler bottle arm’s length deep below the water’s 
surface. These water samples were labeled, placed on ice, and then taken to the SFA Soil, 
Plant, and Water Analysis Laboratory.  
 
Laboratory Analyses 
Particle size distribution 
Particle size analyses were conducted to determine sediment size distribution and 
more thoroughly characterize geologic sediments at the sampling locations. One of the 
30-cm sediment cores from the first sampling event were used to determine the percent of 
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sand, clay, and silt sediment particles at each location using the Bouyoucos Method. The 
Bouyoucos method is conducted by homogenizing a sample and placing it in a 
Bouyoucos Cylinder along with enough water to fill to the 1000ml mark.  The sediment 
is then allowed to fall out of suspension; different particle sizes will fall out at different 
rates, providing a percentage of each particle size in the sample. 
Water Sample Analyses 
The ten water samples collected from each sample location were analyzed for 
total metal and anion concentration present in the water by the SFA Soil, Plant and Water 
Analysis Laboratory. Anions were determined using a Dionex 1000 Ion Chromatograph. 
Total metals were determined using a Thermo Scientific iCAP 7400 ICP Analyzer. 
Hg/Metal Sediment Analyses  
The SFA Soil, Plant and Water Analysis Laboratory used the US EPA Method 
3050B, also known as Acid Digestion of Sediments, Sludge, and Soils using DigiPrep 
Sample Digestion System. In the laboratory, the samples were mixed to ensure 
homogeneity. The samples were weighed, then 0.5g of each sample was placed in the 
DigiPrep for analysis preparation. The samples were then placed in an Inductively 
Coupled Plasma Atomic Emission Spectroscopy (ICP-AES) to determine the total 
concentration of metals.  
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Potential watershed mobilization and contribution of Hg 
The distribution of seasonal Hg concentrations, both temporally and spatially, 
along Big Cypress Bayou was determined by plotting the results of the laboratory 
analyses and determining the variability of Hg concentration in the Caddo Lake 
watershed by interval at each sampling location. 
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Results 
Overall, results for water chemistry and sediment sampling were uniform and 
reflective of the lithologies over which they flow, their geomorphic environment, and the 
discharge variability associated with seasonal weather patterns. Metal analyses varied 
throughout the study period, particularly with regard to total Hg concentrations. 
 
Geologic characterization of lithologies and sediments 
 Sediment Analyses 
The particle size distribution of the sediment samples, as shown in Figure 10, is 
uniform throughout most of the study area. The average particle size distribution was 
approximately 60 percent sand, 30 percent clay, and 10 percent silt. The texture of 
sample locations 1-5, 9 and 10 were sandy clay loam; sample locations 6, 7, and 8 had a 
clay texture.  Clay size particles require a flow no greater than 7 m3/sec for deposition; 
because of their size and structure, these particles will only be deposited in low energy 
waters. Locations 7 and 8 are located close to the confluence of Little Cypress Bayou and 
Big Cypress Bayou (Figure 8); however, Little Cypress Bayou does not always flow into 
Big Cypress Bayou except during higher water periods.  Sample location six is located in 
front of a retention pond that only receives and loses water when there are high 
floodwaters. Overall, the samples exhibit a fairly uniform texture, controlled by the flow 
regime in Big Cypress Bayou. 
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Figure 10. Sand, clay, and silt distribution of sediment core samples from each location: 
A) shows the distribution with each location labeled, and B) shows the contoured 
distribution when compared to the other sample locations. 
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Spatial delineation of geochemical parameters to determine sampling site locations. 
Physiochemical analyses of Big Cypress Bayou were conducted in February 2017 
using a YSI 6920 multi-parameter sonde to determine fluctuations in conductivity, pH, 
temperature, and turbidity along the 15km study area. The documentation of these 
changes aided in site characterization and sample site designation. The results from the 
physicochemical testing were used to determine ten sample locations along the 15km 
tract of Big Cypress Bayou.  
Electrical Conductivity (EC)  
During the initial sampling, conductivity fluctuated in Big Cypress Bayou. Most 
of the changes in conductivity occurred near the confluence of tributaries along the 
course. When sampling commenced near the city of Jefferson, conductivity measured 
140 mS/cm. At the confluence of Big Cypress Bayou near sampling location 3, 
conductivity dropped to the lowest levels recorded (80 mS/cm) as the mixing of waters 
from Big Cypress and Black Cypress bayous occurred. Conductivity remained low until 
the confluence of Little Cypress Bayou. Conductivity began to rise downstream to 140 
mS/cm (Figure 11). 
pH 
During physiochemical testing, pH fluctuated between a high of 7.5 to a low of 
6.7 in Big Cypress Bayou, within normal limits for water bodies of the area (Figure 12).  
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Figure 11. Map and graph of February 2017 conductivity values in Big Cypress Bayou.  
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Figure 12. Map and graph of February 2017 pH values in Big Cypress Bayou.  
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Temperature 
Water temperature was 13.8°C in Big Cypress Bayou, until the confluence of 
Black Cypress Bayou and Big Cypress Bayou at location 3. At this location, the 
temperature began to rise to the maximum recorded temperature of 19.5°C in the study 
area over the next 2.5 kilometers. Temperature fluctuations were most likely associated 
with available sunlight on the water surface associated with overhanging vegetation and 
water depth in the channel. (Figure 13).  
Turbidity 
Turbidity (Figure 14) data provided very little useful information; most of the 
spikes in turbidity are associated with anthropogenic structures that redirect flow, the 
confluence of tributaries, and passing watercraft in the channel.  
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Figure 13. Map and graph of February 2017 temperature in Big Cypress Bayou.  
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Figure 14. Map and graph of February 2017 turbidity values in Big Cypress Bayou.   
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Geochemical analyses of stream sediment cores and water samples 
Major Metals/ Cations 
Geochemical analyses conducted by the SFA Soil, Plant, and Water Analysis 
Laboratory provided the major metals / cation concentrations of the sediment core 
intervals from the June 2017, October 2017, and November 2017 sampling events. 
Concentrations at all four sampling intervals of major cations including calcium (Ca), 
magnesium (Mg), potassium (K) and sodium (Na) were reported in parts per million 
(ppm). Although each of these cations exhibited outliers in each of the intervals, all major 
metals / cations (Ca, Mg, Na and K) were within normal limits for water bodies based on 
TCEQ standards (TCEQ, 2014) (Figure 15).  
The Texas Commission on Environmental Quality has listed Black Cypress 
Bayou as impaired for copper since 1995 (TCEQ, 2014). Concentrations of base metals 
such as copper (Cu), lead (Pb) and zinc (Zn) were analyzed and most of the sampling 
locations reported higher concentrations of zinc when compared to copper and lead 
(Figure 16 and 17). There were outliers reported in each of the intervals with only copper 
being reported in concertation higher than the EPA standard limits (Environmental 
Protection Agency (b), 2016).  
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Figure 15. Ternary diagrams of cations Ca, Mg, and (K+Na) for each of the four intervals 
for each sampling event. 
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Figure 16. Base metal concentrations for copper (Cu), lead (Pb), and zinc (Zn) for sampling intervals A – D for the 
October sampling event. 
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Figure 17. Base metal concentrations for copper (Cu), lead (Pb), and zinc (Zn) for sampling intervals A – D for the 
November sampling event. 
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Mercury Concentration 
The June, October, and November 2017 sediment sampling series were tested for 
total Hg at the SFA Soil, Plant and Water Analyses Laboratory. The results from the June 
2017 testing showed detectable concentrations of total Hg present at sample location 1-9, 
no Hg was detected at sample location 10. Detectable Hg concentrations were not 
detected at each interval; at location 7 detectable Hg concentrations were only present in 
the B interval, while locations 3 and 8 had no Hg present in the A interval. Location 2 
had Hg present in all four intervals, and at a higher concentration than other sampling 
locations, with the highest concentration of 33 parts per billion (ppb) in interval D. There 
is also Hg present in concentrations over 20 ppb present in interval A of locations 2, 5, 
and 9 (Figure 18). The results from the October 2017 and the November 2017 testing 
showed that there was no Hg present in any interval above the detection limit (Figures 19 
and 20) 
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Figure 18. Hg concentration in sediments in parts per billion (ppb) from the sampling 
event conducted during June 2017. 
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Figure 19. Hg concentration in sediments in ppb from the sampling event conducted 
during October 2017. 
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Figure 20. Hg concentration in sediments in ppb from the sampling event conducted 
during November 2017.
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Geochemical analyses of water to determine Hg content 
Water samples collected during the February 2017 physicochemical sampling 
survey were analyzed by the SFA Soil, Plant, and Water Analyses Laboratory for 
detectable Hg concentration. The results showed the highest Hg concentration at sample 
location 1, near the city of Jefferson, Texas. As Big Cypress flowed to the east and 
emptied into Caddo Lake, Hg concentration continued to decrease, with the lowest 
detectable Hg concentration at sample location 10 near the Highway 43 bridge (Figure 
21). 
 
Modeling potential watershed mobilization and contribution of Hg 
The results for June showed that there are intervals where there are higher 
concentrations of Hg than others, as well as some locations that have higher Hg than 
others (Figure 18). However, the results from October and November show that there is 
no measurable Hg present and did not provide any usable data to contribute to a model of 
the distribution of Hg (Figures 19 and 20). 
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Figure 21. Hg concentration in Big Cypress Bayou from water samples collected at each 
of the sample locations.  
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Discussion 
This purpose of this study was to collect baseline geochemical data to characterize 
the potential watershed contribution of Hg from Big Cypress Bayou into Caddo Lake. 
Caddo Lake has been listed on the Texas Commission on Environmental Quality 303d 
list since 1995 for elevated Hg concentration and low dissolved oxygen. These issues are 
a concern because the Hg found in fish is harmful to humans if too much is consumed, 
while a depletion of dissolved oxygen is harmful to the fish and plant life. The study area 
was a 15km section of Big Cypress Bayou from the city of Jefferson to the Texas State 
Highway 43 bridge. Based on Johnathan Phillip’s characterization of East Texas 
waterbodies, the study area is considered a depositional environment because it is more 
than 24 km southeast of the Lake O’ the Pines dam. The erosional effects of the dam are 
greatly diminished more than 24 km downstream of the dam (Phillips, 2007).  
Within the study area, geologic characterization of the lithogies and sediments 
was performed by particle size distribution, sediment core analyses, geologic mapping, 
and geomorphic characterization.  Particle size distribution is reflective of the 
geomorphic and geologic environment; Big Cypress Bayou is a class 1 river, with a mean 
monthly discharge rate of 8m3/sec (USGS, 2017). Big Cypress Bayou flows over Eocene-
aged sedimentary rocks of the Wilcox and Claiborne groups, composed of interbedded 
sand, silt and clay-sized particles. Laboratory analyses for total metal content with respect 
to abundant metals such as calcium, magnesium, potassium, and sodium are also 
reflective of the mineralogy of these geologic units. It was possible that the potassium 
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weathered from the glauconite found in the Reklaw Formation. Calcium and magnesium 
are primary cations of the carbonaceous and micaceous clays and sands associated with 
the surrounding geology.  
Base metals such as copper, lead and zinc were detected, with zinc concentrations 
higher than copper or lead. The Texas Commission on Environmental Quality has listed 
Black Cypress Bayou as impaired for copper since 1995 (TCEQ, 2014). However, only 
copper was noted as in exceedance of the EPA impairment threshold (Table 2). 
 
Table 2. Metal/Cations concentrations for individual sediment samples in ppm at all 
sample locations for the October and November 2017 sampling event. 
Month 
Sample 
Location 
/ Interval 
Ca Mg (K+Na) Cu Pb Zn 
October 1A 548.749 386.637 560.259 2.075 7.623 29.294 
 2A 132.701 147.402 277.692 nd 3.733 9.869 
 3A 104.029 179.399 321.185 3.718 8.220 16.571 
 4A 70.176 64.053 172.560 nd 2.215 4.440 
 5A 62.681 82.733 200.336 0.015 3.366 6.218 
 6A 77.015 136.619 231.645 0.050 3.168 7.054 
 7A 107.990 96.439 212.156 nd 3.291 7.006 
 8A 873.255 1,513.575 1,388.860 4.732 9.759 51.683 
 9A 349.379 285.203 372.581 1.793 7.247 122.286 
 10A 14.648 39.384 124.750 nd 2.123 3.866 
 1B 351.790 321.888 494.295 2.065 7.697 26.847 
 2B 109.594 115.156 240.167 0.166 3.431 9.642 
 3B 70.256 167.997 281.536 6.408 7.261 16.280 
 4B 89.538 131.881 272.193 nd 4.824 10.017 
 5B 103.028 154.041 266.390 0.555 4.897 12.476 
 6B 165.698 385.210 464.603 2.588 4.372 17.941 
 61 
Table 2 (continued) 
        
 7B 120.787 146.696 271.112 1.165 3.953 12.685 
 8B 652.046 1,499.028 1,426.959 4.433 10.652 51.481 
 9B 392.148 576.799 637.506 3.374 8.900 35.013 
 10B 31.244 103.446 215.244 0.332 3.742 7.646 
 1C 101.872 298.609 453.857 2.163 7.812 17.896 
 2C 271.854 249.106 397.152 1.192 5.795 21.178 
 3C 35.232 98.376 190.507 2.993 9.909 6.361 
 4C 59.434 110.053 259.758 nd 6.837 11.041 
 5C 54.425 112.901 236.920 0.041 3.783 7.138 
 6C 149.767 391.923 474.498 1.759 4.118 18.280 
 7C 75.066 91.119 191.315 0.646 3.153 7.968 
 8C 851.021 1,493.792 1,349.686 4.595 9.699 54.114 
 9C 389.795 486.523 548.816 1.644 6.935 27.249 
 10C 57.385 129.391 264.978 0.647 4.100 9.915 
 1D 43.350 226.371 356.704 0.982 5.650 10.495 
 2D 170.196 162.280 287.222 0.376 4.767 15.040 
 3D 62.018 146.912 293.606 2.875 7.850 10.066 
 4D 142.062 172.184 317.318 nd 4.296 14.546 
 5D 87.055 128.314 252.593 0.264 4.765 10.848 
 6D 170.174 509.113 575.402 1.663 4.745 18.101 
 7D 149.137 135.798 244.947 0.249 3.951 14.641 
 8D 431.776 1,172.003 1,132.601 4.211 10.525 42.824 
 9D 395.539 623.106 672.172 2.226 7.337 31.663 
 10D 23.429 60.109 160.967 0.000 2.548 5.419 
November 1A 503.067 360.698 488.206 2.015 7.993 28.974 
 2A 205.165 177.559 314.026 1.810 4.858 15.139 
 3A 160.916 110.823 201.333 1.885 23.697 11.234 
 4A 915.606 106.773 192.789 8.055 4.207 14.365 
 5A 52.904 43.269 90.892 nd 2.210 4.051 
 6A 153.865 143.806 172.953 0.940 5.447 8.052 
 7A 256.708 150.024 185.692 1.368 4.516 8.963 
 8A 707.161 850.411 672.067 3.391 8.035 30.473 
 9A 183.595 95.234 138.518 1.027 4.588 6.342 
 10A 45.008 81.217 141.506 0.453 2.947 5.759 
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Table 2 (continued) 
        
 1B 66.578 159.906 250.389 0.373 4.346 11.002 
 2B 266.679 209.816 360.578 0.782 5.459 19.425 
 3B 153.119 128.078 252.044 4.682 6.397 28.398 
 4B 191.671 99.001 167.553 1.033 3.965 13.926 
 5B 85.655 70.143 96.794 3.209 2.612 5.023 
 6B 233.001 184.223 202.065 2.040 4.583 15.164 
 7B 310.277 138.665 200.402 1.316 4.368 14.036 
 8B 532.407 717.890 655.782 5.503 9.353 27.265 
 9B 342.056 351.771 360.973 2.399 11.774 14.646 
 10B 40.540 69.569 121.872 0.483 2.097 5.644 
 1C 36.738 162.334 293.634 0.514 5.395 7.986 
 2C 297.348 214.780 346.402 1.112 6.487 21.911 
 3C 74.875 67.372 155.730 0.906 45.335 9.029 
 4C 59.925 73.117 128.081 0.594 2.530 9.179 
 5C 115.133 99.676 165.278 0.930 3.877 9.258 
 6C 160.856 296.513 310.021 2.448 4.566 13.436 
 7C 415.089 178.261 262.173 2.585 5.634 25.278 
 8C 572.098 914.742 733.351 5.080 9.961 34.922 
 9C 235.120 446.714 483.418 2.722 11.324 18.252 
 10C 40.617 74.613 121.082 0.642 2.055 5.256 
 1D 115.022 308.806 436.828 1.413 8.077 14.954 
 2D 308.359 240.969 393.284 4.254 6.248 26.001 
 3D 49.527 94.373 158.628 4.608 52.036 12.498 
 4D 87.892 70.232 123.521 0.457 3.040 10.431 
 5D 139.292 101.570 193.673 1.035 4.471 15.089 
 6D 148.528 304.624 297.746 1.675 4.326 11.988 
 7D 163.685 200.344 314.218 1.863 5.182 9.873 
 8D 190.143 118.050 165.808 0.228 3.649 7.637 
 9D 379.213 352.339 420.683 4.203 15.154 22.413 
  10D 21.383 49.234 100.290 0.436 1.729 2.132 
nd= not detected 
 
 63 
There were a few outliers noted in the base metal analysis, looking at Figure 16 
and 17, and Table 2, the first outlier was a higher concentration of copper are sample 
location 3 compared to the other locations. Sample location 3 is located on Black Cypress 
Bayou just north of the confluence with Big Cypress Bayou; this suggests that there 
might be a point source for copper contamination in Black Cypress Bayou, which 
correlates with the TCEQ’s 303d list impairment for copper. The other outlier was higher 
concentrations of zinc found at location 8 where Little Cypress Bayou flows into Big 
Cypress Bayou, suggesting that there might be a point source for zinc upstream of the 
confluence, although Little Cypress Bayou is not listed for an impairment due to zinc. 
Measurable Hg concentrations were present during the June 2017 sampling, but there was 
no detectable Hg in the samples from the October and November 2017 sampling. Some 
of the reasons for an absence of detectable Hg concentration in the October and 
November sampling could include collection error from different sampling methods, 
seasonal variation of Hg in the atmosphere, seasonal variation in the weathering 
environment, or laboratory error.  
During the study, two different sampling methods were employed: the June 2017 
samples were collected using a metal core sampler with a plastic tube insert. The 
sampling equipment was hammered into the ground to retrieve the samples. The October 
and November 2017 samples were collected by pushing the plastic tube inserts into the 
ground by hand, without using the metal core sampler. Once the sample was retrieved, 
each plastic tube was handled identically.  
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After the Hg concentration results for the April, October, and November sample 
collection were provided by the laboratory, four additional core samples were retrieved 
by the two sampling methods to ensure that sampling methodology had not introduced 
any bias into the results. Laboratory analyses conducted in May 2018 showed that 
sampling methodology had not influenced Hg or metal concentrations; there was no 
detectable sampling error bias introduced as a result of employing two different sampling 
methods (Table 3).  
Table 3. Hg testing conducted on four sediment cores using the two different sampling 
methods.  
Sampling Method 
Hg (ppm) Hg (ppm) 
Metal Core Sampler w/Plastic Sleeve nd nd 
Plastic Sleeve Only nd nd 
nd = not detected 
There is the possibility of seasonal variation in atmospheric Hg between June 
2017 and the October and November 2017 sampling. Dry deposition of atmospheric Hg 
from coal-fired electric generation plants would be higher in summer due to peak demand 
for electricity, which may have been present in the June 2017 sediment cores. In the 
cooler months, emissions may have decreased as electricity demand decreased. Recent 
research by Artur Kowalski and Marcin Frankowski on the seasonally variability of Hg 
concentration in soil, buds, and leaves was conducted in central Poland in 2016. They 
collected samples from soil, buds, and leaves of Acer platanoides and Tilia platyphyllos 
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during the months of April, June, August, and November (Kowalski and Frankowski, 
2016). The results from this study shows that the highest concentration of Hg was found 
in the month of June; Hg concentration then began to decline reaching its lowest 
concentration in November. This decrease in concentration may have been due to a drop 
in soil water levels, increased precipitation and washout from late summer storm events, 
or a decrease in emissions from nearby coal-fired power plants. 
Hg concentration in the water samples from Big Cypress Bayou were highest near 
the city of Jefferson and declined as the bayou flowed toward Caddo Lake. The fact that 
the concentration of Hg decreases as it gets closer to Caddo Lake is intriguing because 
Caddo Lake is listed on the 303d list for Hg impairment. Since Hg concentration 
decreases as it flows into Caddo Lake, Big Cypress Bayou may not be considered a 
primary transport mechanism for Hg in the water column, although continual monitoring 
would provide more definitive results. However, the fact that mercury was the highest 
closer to Jefferson suggested that there might be a potential Hg source near the town.  
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Conclusion 
This study provided baseline geochemical data to characterize the watershed 
contribution of Hg mobilization in Big Cypress Bayou by analyzing sediment cores and 
water samples along a 15km segment of Big Cypress Bayou in Harrison and Marion 
counties from the city of Jefferson, Texas to the Texas State Highway 43 bridge. Big 
Cypress Bayou and its tributaries within the watershed flow in an easterly direction over 
Eocene-aged lithologies of the Wilcox and Claiborne groups that contain lignite coal, 
which may contribute to the unique chemical environment in Caddo Lake.  
During the study period, 120 sediment core intervals from three sample 
collections were tested for Hg concentration. From that sample set, the June 2017 
sediment core intervals were the only samples that reported detectable concentrations of 
Hg. Water samples from Big Cypress Bayou reported declining Hg concentrations from 
the city of Jefferson to the Texas State Highway 43 bridge, where the bayou flows into 
Caddo Lake.   
Caddo Lake has been listed on the Texas Commission on Environmental Quality 
303d list since 1995 for impairment due to Hg concentrations. Most of the Hg 
concentration in the lake has been presumed to have accumulated from atmospheric 
deposition of emissions from coal-fired electrical power plants. Based on the results 
reported in this study, watershed processes in Big Cypress Bayou are not significantly 
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contributing to the overall Hg concentration in Caddo Lake. There may be seasonal 
contributions by Big Cypress Bayou from atmospheric deposition. 
Future Research 
This study provided baseline geochemical data for the sediments and surface waters 
Big Cypress Bayou in the Caddo Lake watershed. Future research in this area might 
include: 
 Long-term study to determine the seasonal variation of Hg in stream sediments 
and surface waters in Big Cypress Bayou. 
 Expand sediment core and surface water metal analyses to Little Cypress and 
Black Cypress bayous and tributaries.  
 Base metal concentrations (copper, lead, and zinc) in Black Cypress Bayou 
stream sediments and surface water. 
 Expansion of sediment core analyses away from the stream channel to determine 
metal concentration in older sediments.  
 Vegetation studies to determine potential Hg concentration in plants, roots, and 
soils. 
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Appendix  
Major Soil Series 
Cypress Series 
The Cypress Series consists of very deep, very poorly drained, very slowly permeable 
soils on submerged areas. These soils formed in acidic, clayey alluvial sediments in 
lakebeds, ox bows, and stream channels. Slopes range from 0 to 1 percent. 
 
TAXONOMIC CLASS: Fine, mixed, superactive, acid, thermic Typic Fluvaquents 
Soil Order: Entisol 
Suborder: Aquent 
Great Group: Fluvaquent 
Subgroup: Typic Fluvaquent 
 
TYPICAL PEDON: Cypress clay loam, on a smooth nearly level bottomland, forested 
with bald cypress. (Colors are for moist soil unless otherwise stated.) 
 
Ag: 0 to 6 inches; gray (10YR 5/1) clay loam; moderate medium subangular blocky 
structure; friable, sticky and plastic; many fine and medium and common coarse roots; 
common fine distinct yellowish brown (10YR 5/6) masses of iron accumulation; 
extremely acid; clear smooth boundary. (3 to 8 inches thick) 
 
Cg1: 6 to 20 inches; gray (10YR 5/1) clay; massive; firm, very sticky and very plastic; 
common fine and medium and few coarse roots; few fine distinct yellowish brown (10YR 
5/8) masses of iron accumulation; extremely acid, gradual smooth boundary. (7 to 30 
inches thick) 
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Cg2: 20 to 60 inches; gray (N 6/0) clay; massive; firm, very sticky and very plastic; few 
fine, medium and coarse roots; few fine prominent strong brown (7.5YR 5/8) masses of 
iron accumulation; extremely acid. 
 
TYPE LOCATION: Harrison County, Texas; from the intersection of U.S. Highways 59 
and 80 in Marshall, 0.2 mile north on U.S. Highway 59, 14.0 miles northeast on Texas 
Highway 43, 5.0 miles east on Farm Road 2198 to Uncertain, 0.7 mile northeast and 15 
feet south in a stand of bald cypress. 
 
Latch Series 
The Latch series consists of very deep, moderately well drained, moderately permeable 
soils on stream terraces. These nearly level to gently sloping soils formed in sandy 
alluvial sediments. Slopes range from 0 to 3 percent. 
 
TAXONOMIC CLASS: Loamy, siliceous, semiactive, thermic Grossarenic Paleudalfs 
Soil Order: Alfisols 
Suborder: udalfs 
Great Group: Paleudalfs 
Subgroup: Grossarenic Paleudalfs 
 
 
TYPICAL PEDON: Latch loamy fine sand--woodland. (Colors are for moist soil) 
 
A: 0 to 8 inches; dark grayish brown (10YR 4/2) loamy fine sand; weak fine granular 
structure; loose; many fine roots; very strongly acid; clear wavy boundary. 
 
E1: 8 to 16 inches; brown (10YR 5/3) loamy fine sand; single grained; loose; common 
fine roots; very strongly acid; gradual wavy boundary. 
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E2: 16 to 32 inches; pale brown (10YR 6/3) loamy fine sand; common fine faint light 
brownish gray (10YR 6/2) and few fine faint very pale brown (10YR 7/4) sand 
strippings; single grained; loose; few fine roots; strongly acid; gradual wavy boundary. 
 
E3: 32 to 52 inches; pale brown (10YR 6/3) loamy fine sand; many medium faint light 
gray (10YR 7/2) iron depletions and common medium distinct yellowish brown (10YR 
5/6) iron concentrations; single grained; loose; few fine roots; strongly acid; gradual 
wavy boundary. (Combined A and E horizons - 40 to 60 inches thick) 
 
Bt: 52 to 62 inches; light brownish gray (10YR 6/2) sandy clay loam; many coarse 
distinct, strong brown (7.5YR 5/8) and common fine prominent red (2.5YR 4/6) iron 
concentrations; weak fine subangular blocky structure; hard, friable; few fine roots; few 
clay films on ped surfaces; few pockets and streaks of light gray (10YR 7/2) sand 
strippings; very strongly acid; gradual wavy boundary. (8 to 25 inches thick) 
 
BC1: 62 to 72 inches; light gray (10YR 7/2) fine sand; common medium distinct 
yellowish brown (10YR 5/8) iron concentrations; single grained; loose; few fine roots; 
moderately acid; gradual wavy boundary. 
 
BC2: 72 to 80 inches; very pale brown (10YR 7/4) sand; common fine distinct yellowish 
red (5YR 5/8) iron concentrations; single grained; loose; few fine roots; moderately acid. 
TYPE LOCATION: Upshur County, Texas; 1.2 miles east of Big Sandy on White Oak 
Road from its intersection with Texas Highway 155; 300 feet south in woodland. 
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Mantachie Series 
The Mantachie series consists of very deep, somewhat poorly drained, moderately 
permeable soils on flood plains of the Southern Coastal Plain (MLRA 133A). They 
formed in loamy alluvium. Near the type location, the mean annual temperature is about 
63 degrees F., and the mean annual precipitation is about 53 inches. Slope is dominantly 
less than 1 percent but ranges up to 3 percent.  
 
TAXONOMIC CLASS: Fine-loamy, siliceous, active, acid, thermic Fluventic 
Endoaquepts  
Soil Order: Inceptisol 
Suborder: Aquept 
Great Group: Endoaquept 
Subgroup: Fluventic Endoaquept 
 
TYPICAL PEDON: Mantachie fine sandy loam, in cropland on a 1 percent slope (Colors 
are for moist soil).  
 
Ap: 0 to 5 inches; dark grayish brown (10YR 4/2) fine sandy loam; weak fine granular 
structure; friable; common fine roots; few fine concretions of iron and manganese oxides; 
common fine distinct dark yellowish brown (10YR 4/4) masses of iron accumulation; 
slightly acid; abrupt smooth boundary. (3 to 8 inches thick)  
 
A: 5 to 11 inches; brown (10YR 4/3) fine sandy loam; weak fine granular structure; 
friable; few fine roots; few fine concretions of iron and manganese oxides; many fine and 
medium faint grayish brown (10YR 5/2) iron depletions; many fine and medium distinct 
light yellowish brown (10YR 6/4) masses of iron accumulation; very strongly acid; clear 
wavy boundary. (0 to 7 inches thick)  
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Bw1: 11 to 15 inches; 40 percent grayish brown (10YR 5/2), 30 percent brown (10YR 
4/3), and 30 percent dark yellowish brown (10YR 4/4) loam; weak fine subangular 
blocky structure; friable; few fine roots; few fine concretions of iron and manganese 
oxides; areas of grayish brown are iron depletions; areas of dark yellowish brown are 
masses of iron accumulation; very strongly acid; clear wavy boundary.  
 
Bw2: 15 to 19 inches; 60 percent strong brown (7.5YR 5/6) and 40 percent gray (10YR 
5/1) loam; weak medium subangular blocky structure; friable; few fine roots; areas of 
gray are iron depletions; areas of strong brown are masses of iron accumulation; very 
strongly acid; gradual wavy boundary. (Combined thickness of the Bw horizon ranges 
from 4 to 23 inches.)  
 
Bg1: 19 to 29 inches; gray (10YR 6/1) loam; weak medium subangular blocky structure; 
friable; few fine roots; many medium prominent strong brown (7.5YR 5/6) masses of iron 
accumulation; very strongly acid; gradual wavy boundary.  
 
Bg2: 29 to 48 inches; gray (10YR 5/1) loam; weak medium subangular blocky structure; 
friable; few fine roots; many medium prominent strong brown (7.5YR 5/6) and few fine 
prominent yellowish red (5YR 5/6) masses of iron accumulation; very strongly acid; 
gradual wavy boundary.  
 
Bg3: 48 to 61 inches; gray (10YR 6/1) loam; weak coarse subangular blocky structure; 
friable; few fine and medium concretions of iron and manganese oxides; many fine and 
medium prominent strong brown (7.5YR 5/6) and yellowish red (5YR 5/6) masses of iron 
accumulation; very strongly acid. (Combined thickness of the Bg horizon ranges from 27 
to 80 inches or more.)  
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TYPE LOCATION: Lee County, Mississippi. Approximately 14.0 miles northeast of 
Tupelo; 350 feet south of gravel road, 505 feet west and 330 feet south of the northeast 
corner of the NW1/4, SE1/4, Sec. 1, T. 9 S., R. 6 E.  
  
Mollville Series 
The Mollville series consists of very deep, poorly drained, slowly permeable soils that 
formed in thick, stratified sandy and loamy sediments. These soils are in nearly level or 
depressional positions on stream terraces. Slopes are 0 to 1 percent. 
 
TAXONOMIC CLASS: Fine-loamy, siliceous, active, thermic Typic Glossaqualfs 
Soil Order: Alfisols 
Suborder: Aqualfs 
Great Group: Glossaqualfs 
Subgroup: Typic Glossaqualfs 
 
 
TYPICAL PEDON: Mollville loam--woodland. (Colors are for moist soil unless 
otherwise stated.) 
Oe: 2 to 0 inches; humus and oak leaves with light gray (10YR 7/1) grains of silt loam; 
very strongly acid.A: 0 to 5 inches; dark gray (10YR 4/1) loam; weak medium granular 
structure; slightly hard, friable; many fine roots; very strongly acid; clear wavy boundary. 
(2 to 8 inches thick) 
 
Eg: 5 to 11 inches; light brownish gray (10YR 6/2) loam, light gray (10YR 7/1) dry; 
weak medium subangular blocky structure; slightly hard, friable; many fine roots; very 
slightly saline; strongly acid; clear irregular boundary. (4 to 14 inches thick) 
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Btg/E1: 11 to 23 inches; grayish brown (10YR 5/2) sandy clay loam; about 20 percent of 
horizon is vertical intrusions, spots, and streaks of light gray (10YR 7/2) albic materials 
(E); moderate medium prismatic structure parting to moderate medium subangular 
blocky; very hard, very firm; few fine roots; many prominent dark grayish brown clay 
films; many medium prominent strong brown (7.5YR 5/6) masses of iron accumulation; 
very slightly saline; strongly acid; clear wavy boundary. (8 to 30 inches thick) 
 
Btg/E2: 23 to 42 inches; prominently variegated gray (10YR 5/1), grayish brown (10YR 
5/2) and strong brown (7.5YR 5/6) sandy clay loam; about 5 percent of the horizon is 
vertical intrusions, streaks, and spots of light gray (10YR 7/2) albic materials (E); 
moderate medium subangular blocky structure; very hard, very firm; few fine roots; 
common prominent clay films; very slightly saline; strongly acid; clear wavy boundary. 
(8 to 30 inches thick) 
 
Btg: 42 to 47 inches; prominently variegated light brownish gray (10YR 6/2), grayish 
brown (10YR 5/2) and strong brown (7.5YR 5/6) clay loam; few streaks of albic 
materials; moderate medium subangular blocky structure; very hard, very firm; few fine 
roots; common faint clay films; very slightly saline; slightly acid; clear wavy boundary. 
(0 to 15 inches thick) 
 
BCtg: 47 to 54 inches; prominently variegated light gray (10YR 7/2) and strong brown 
(7.5YR 5/6) sandy clay loam; moderate medium subangular blocky structure; hard, firm; 
few fine roots; few faint clay films; very slightly saline; neutral; clear wavy boundary. (0 
to 10 inches thick) 
2Cg: 54 to 80 inches; gray (10YR 6/1) loamy fine sand; single grained; few fine roots; 
slightly alkaline. 
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TYPE LOCATION: Panola County, Texas; 5 miles east of east loop around Carthage on 
Hills Lake Road; 8 miles south on dirt road; 2 miles west of oil well; 125 feet north of 
pipeline. 
 
Mooreville Series 
The Mooreville series consist of very deep, moderately well drained, moderately 
permeable soils that formed in loamy alluvium. These soils are on flood plains of streams 
draining areas of the Southern Coastal Plain and the Blackland Prairie. Slopes range from 
0 to 2 percent. 
 
TAXONOMIC CLASS: Fine-loamy, siliceous, active, thermic Fluvaquentic Dystrudepts 
Soil Order: Inceptisol 
Suborder: Udepts 
Great Group: Dystrudepts 
Subgroup: Fluvaquentic Dystrudepts 
 
 
TYPICAL PEDON: Mooreville loam, on a nearly level slope, in forest. (Colors are for 
moist soil.) 
 
A: 0 to 5 inches; very dark grayish brown (10YR 3/2) loam; weak fine granular structure; 
friable; many fine and medium roots; strongly acid; clear smooth boundary. (4 to 12 
inches thick) 
 
Bw1: 5 to 29 inches; dark yellowish brown (10YR 4/4) clay loam; moderate medium 
subangular blocky structure; firm, plastic; common fine roots; few fine distinct light 
brownish gray (10YR 6/2) iron depletions; very strongly acid; clear smooth boundary. 
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Bw2: 29 to 40 inches; yellowish brown (10YR 5/6) clay loam; moderate medium 
subangular blocky structure; firm, plastic; common medium prominent yellowish red 
(5YR 5/6) masses of iron accumulation; common medium distinct light brownish gray 
(10YR 6/2) iron depletions; very strongly acid; gradual smooth boundary. 
 
Bw3: 40 to 50 inches; 45 percent yellowish brown (10YR 5/6), 35 percent light brownish 
gray (10YR 6/2), and 20 percent strong brown (7.5YR 5/6) clay loam; moderate medium 
subangular blocky structure; firm, plastic; areas of strong brown are masses of iron 
accumulation and areas of light brownish gray are iron depletions; very strongly acid; 
gradual smooth boundary. (Combined thickness of the Bw horizon is 30 to 60 inches.) 
 
C: 50 to 60 inches; 45 percent yellowish brown (10YR 5/6), 35 percent light brownish 
gray (10YR 6/2), and 20 percent strong brown (7.5YR 5/6) loam; massive; friable; few 
black coatings of manganese oxides and concretions of iron and manganese oxides; areas 
of strong brown are masses of iron accumulation and areas of light brownish gray are 
iron depletions; very strongly acid. 
TYPE LOCATION: Itawamba County, Mississippi; 1.0 mile east of State Highway 25 on 
the south side of Bean's Ferry Road on east side of Tombigbee River. SE1/4, SE1/4 sec. 
18, T. 10 S., R. 9 E. 
 
 
 
 
 
 
 82 
Major Metals / Cations 
The following tables report the concentrations of major metals and cations from the 
October and November 2017 sediment analyses. Concentrations for major cations 
(calcium, magnesium, potassium, and sodium) and base metals (copper, lead, and zinc) 
can be found in Table 2 within the manuscript. 
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Table 4. Total concentration for other species reported in parts per million at each sampling location for interval A. 
Calcium, magnesium, sodium, potassium, copper, lead, and zinc concentrations can be found in Table 2. 
    Al As B Ba Co Cr Fe Mn Mo Ni P S 
Sample ID ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
R2 1A 7,154.485 2.150 2.511 68.863 5.099 6.454 9,434.937 493.844 1.150 1.776 219.098 371.069 
R2 2A 2,507.199 0.081 0 26.037 2.291 2.925 3,212.722 161.538 0 0 60.967 94.075 
R2 3A 4,601.751 1.238 0 43.481 3.760 4.934 3,367.389 63.061 0.114 0.498 145.137 348.866 
R2 4A 1,161.637 0 0 11.039 1.050 1.642 977.962 12.472 0 0 23.332 9.399 
R2 5A 1,599.255 0 0 12.909 1.124 2.206 1,487.911 22.154 0 0 46.363 18.514 
R2 6A 2,394.730 0.125 0 13.597 1.811 2.784 1,578.325 19.354 0 0 41.672 48.832 
R2 7A 1,710.093 0.079 0 17.937 1.191 2.338 2,828.712 75.370 0 0 55.490 0 
R2 8A 24,233.438 3.246 62.565 128.080 4.087 18.662 23,881.531 70.458 0.680 5.370 530.608 74.216 
R2 9A 5,684.946 0.438 0 42.460 2.519 5.590 7,297.994 56.282 0.023 0.937 177.403 60.192 
R2 10A 966.648 0 0 7.302 0.584 2.167 1,949.785 7.444 0 0 45.619 0 
R3 1A 6,301.965 1.979 0.546 66.187 5.315 5.868 9,604.151 552.151 0.264 1.903 251.249 276.761 
R3 2A 3,164.695 0.125 0 33.935 2.747 3.496 4,605.188 99.877 0 0.174 107.888 121.978 
R3 3A 2,216.915 1.163 0 42.320 2.364 2.587 4,129.122 55.926 0 0.174 128.464 162.959 
R3 4A 1,994.095 0.663 0 33.445 4.233 2.343 4,164.730 234.685 0 0.274 110.256 254.971 
R3 5A 811.879 0 0 8.784 0.429 1.132 1,032.742 17.131 0 0 34.838 0 
R3 6A 2,232.515 0.151 0 22.674 2.415 2.523 1,797.900 21.388 0 0 53.214 184.813 
R3 7A 3,095.843 1.079 0 45.488 1.455 2.670 8,434.248 128.607 0 0 93.777 9.771 
R3 8A 12,399.983 2.968 27.667 66.249 3.307 8.914 18,496.699 63.164 0.073 0.987 443.594 26.517 
R3 9A 1,731.000 0.255 0 23.887 0.881 1.883 845.021 25.028 0 0 39.542 116.862 
R3 10A 1,847.828 0.267 0 16.451 1.564 2.210 2,797.000 14.510 0 0 78.685 1.552 
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Table 5. Total concentration for other species reported in parts per million at each sampling location for interval B 
Calcium, magnesium, sodium, potassium, copper, lead, and zinc concentrations can be found in Table 2. 
    Al As B Ba Co Cr Fe Mn Mo Ni P S 
sample id ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
R2 1B 6,328.066 1.898 0 68.915 3.983 6.751 6,785.064 240.117 0.499 1.422 187.330 237.134 
R2 2B 2,188.873 0.345 0 23.205 2.087 2.450 2,961.232 113.859 0 0 62.072 73.335 
R2 3B 3,014.701 0.829 0 37.221 3.371 3.526 2,620.011 59.061 0 0 62.905 259.096 
R2 4B 2,340.385 0.243 0 21.368 2.629 3.503 2,496.755 54.214 0 0 54.861 88.922 
R2 5B 3,254.293 0.407 0 27.325 2.589 3.448 2,948.141 69.533 0 0 86.692 81.913 
R2 6B 6,991.971 0.357 0 38.521 3.159 6.533 4,238.353 36.797 0.051 1.378 91.407 59.857 
R2 7B 2,805.630 0.672 0 27.694 2.060 3.638 4,993.911 78.158 0.025 0 103.468 33.428 
R2 8B 24,311.984 3.426 56.037 136.622 4.609 18.338 22,192.565 77.760 0.777 5.717 469.818 63.320 
R2 9B 10,700.878 1.814 5.279 64.136 4.890 9.040 9,932.620 51.201 0.277 2.696 256.208 69.244 
R2 10B 2,312.192 0 0 20.043 1.301 3.360 2,984.642 17.922 0 0 86.331 0 
R3 1B 3,082.936 0.213 0 26.289 1.519 3.333 1,729.545 37.172 0.142 0 55.365 17.669 
R3 2B 3,839.214 0.708 0 42.581 3.695 4.479 5,381.467 231.740 0.007 1.436 148.042 141.266 
R3 3B 2,555.747 0.735 0 64.347 2.901 3.254 4,307.898 65.381 0 0.527 132.237 224.900 
R3 4B 1,922.297 0.459 0 29.526 3.499 2.409 4,077.568 157.426 0 0.055 104.566 198.623 
R3 5B 1,379.880 0 0 17.081 0.748 1.833 1,789.240 32.582 0 0 56.038 16.405 
R3 6B 3,170.019 0.823 0 33.877 6.140 3.567 3,153.778 29.835 0 2.571 95.943 370.362 
R3 7B 2,625.278 0.213 0 37.435 2.706 2.888 4,775.795 149.998 0 0 124.621 90.691 
R3 8B 15,087.513 1.806 0 69.965 2.879 10.348 10,056.438 74.305 0.160 0.899 236.378 44.204 
R3 9B 7,416.971 1.539 0 68.770 1.900 6.278 7,248.808 53.986 0 0 116.706 52.162 
R3 10B 1,663.298 0.221 0 15.372 1.175 2.448 3,113.150 21.635 0 0 78.535 0 
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Table 6. Total concentration for other species reported in parts per million at each sampling location for interval C 
Calcium, magnesium, sodium, potassium, copper, lead, and zinc concentrations can be found in Table 2. 
    Al As B Ba Co Cr Fe Mn Mo Ni P S 
sample id ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
R2 1C 6,318.632 1.110 0 56.331 2.383 6.231 3,739.547 63.389 0.324 1.032 110.230 153.536 
R2 2C 4,596.512 0.949 0 48.270 4.148 4.391 6,530.726 265.833 0.044 0.707 150.828 164.616 
R2 3C 2,052.985 0.310 0 23.892 1.691 2.526 1,694.792 29.987 0 0 45.812 123.038 
R2 4C 2,130.738 0.208 0 18.195 2.024 3.193 2,111.474 45.292 0 0 42.755 57.376 
R2 5C 2,286.143 0 0 18.813 1.374 2.838 2,247.831 29.416 0 0 60.335 35.014 
R2 6C 6,910.356 0.676 0 52.334 2.771 6.300 5,073.527 29.249 0 1.236 107.742 54.294 
R2 7C 1,851.485 0.103 0 16.683 1.517 2.701 2,631.709 46.136 0 0 64.281 14.538 
R2 8C 22,797.160 3.311 54.676 81.988 4.322 17.529 21,272.734 127.926 0.632 5.088 410.026 68.651 
R2 9C 9,028.214 1.238 20.575 50.415 3.922 6.870 13,546.664 179.755 0.132 1.579 241.811 23.059 
R2 10C 2,757.203 0.719 0 24.977 1.460 3.329 3,265.993 20.685 1.311 0 94.335 15.228 
R3 1C 3,691.539 0.358 0 33.941 0.950 4.182 2,896.169 25.555 0.033 0 68.417 24.372 
R3 2C 4,068.559 1.059 0 43.211 4.102 3.920 6,016.047 228.112 0 1.217 169.641 135.842 
R3 3C 1,625.327 0.293 0 28.419 1.920 2.557 2,207.320 30.030 0 0 74.519 109.721 
R3 4C 1,376.313 0.313 0 16.258 1.967 1.958 2,831.520 55.238 0 0 60.949 93.837 
R3 5C 2,216.693 0.109 0 20.290 1.344 2.505 1,820.327 34.640 0 0 70.773 65.567 
R3 6C 5,291.553 0.768 0 38.710 1.739 5.060 4,552.276 14.315 0 0 142.344 0 
R3 7C 3,538.201 1.336 0 52.473 5.367 3.803 5,008.734 148.086 0 1.316 137.795 244.557 
R3 8C 14,473.045 3.401 31.562 78.731 4.588 11.177 19,349.193 82.823 0.178 2.520 554.133 32.730 
R3 9C 9,914.658 1.720 0 175.959 4.212 7.674 10,519.452 131.429 0 0.791 176.486 73.419 
R3 10C 1,653.433 0.442 0 13.209 0.944 2.195 3,040.263 12.919 0 0 76.836 0.326 
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Table 7. Total concentration for other species reported in parts per million at each sampling location for interval D 
Calcium, magnesium, sodium, potassium, copper, lead, and zinc concentrations can be found in Table 2. 
    Al As B Ba Co Cr Fe Mn Mo Ni P S 
sample id ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
R2 1D 4,662.500 0.704 0 46.073 1.714 4.543 2,382.942 34.114 0.085 0.237 60.240 61.942 
R2 2D 3,119.058 0.233 0 32.378 3.680 3.263 4,118.672 144.709 0 0.086 95.492 88.994 
R2 3D 2,849.262 0.566 0 30.143 1.894 3.403 2,173.134 43.338 0 0 61.236 148.458 
R2 4D 2,950.623 0.380 0 26.542 3.003 3.312 2,944.012 69.730 0 0 61.788 159.078 
R2 5D 2,822.558 0.167 0 22.348 2.702 2.883 2,385.007 64.447 0 0 63.000 90.424 
R2 6D 9,048.995 1.103 0.111 46.881 2.327 7.338 9,039.789 30.961 0.071 1.275 164.476 0 
R2 7D 2,849.773 0.115 0 33.493 2.381 3.731 3,438.700 69.060 0 0 84.610 60.898 
R2 8D 19,553.911 3.033 41.648 61.871 3.954 14.579 18,747.303 72.319 0.517 4.141 443.087 42.541 
R2 9D 11,109.292 1.250 12.056 62.130 4.768 9.415 12,012.274 95.215 0.221 2.188 267.016 37.980 
R2 10D 1,447.731 0.696 0 8.847 0.941 2.789 2,719.288 7.035 0.388 0 68.130 16.583 
R3 1D 6,755.160 0.624 0 54.611 1.563 6.753 3,778.908 51.924 0.250 0.585 100.633 39.348 
R3 2D 4,574.303 0.965 0 48.549 4.741 4.583 6,221.609 210.779 0 1.529 173.705 183.185 
R3 3D 1,716.697 1.640 0 25.361 2.907 3.270 4,022.768 35.839 0 0.539 76.502 181.376 
R3 4D 1,413.394 0.422 0 19.137 2.347 1.878 2,734.270 79.812 0 0 66.681 120.119 
R3 5D 2,540.518 0.501 0 30.532 3.125 2.534 3,079.121 55.971 0 0.087 95.649 108.457 
R3 6D 5,428.369 1.690 0 32.376 1.655 4.237 7,624.245 12.668 0 0.004 272.330 0 
R3 7D 5,333.021 0.719 0 37.633 1.109 4.370 9,208.346 62.537 0 0 39.551 11.957 
R3 8D 1,850.228 0.281 0 24.416 1.425 2.068 2,899.569 18.573 0 0 83.328 18.676 
R3 9D 8,296.190 1.392 0 98.715 2.650 7.700 3,698.329 59.031 0 1.499 134.454 189.659 
R3 10D 1,141.956 0.090 0 8.521 0.244 2.315 1,181.602 5.659 0 0 29.822 30.538 
 
  
 87 
Table 8. Concentration of Hg in parts per billion for June, October, and November 2017 
sampling events.  
Sample 
Locations 
43268.00 17-Oct 17-Nov 
1A1 10.43 nd nd 
1A4 9.60 nd nd 
1B2 10.86 nd nd 
1B3 5.70 nd nd 
2A1 29.99 nd nd 
2B2 26.12 nd nd 
2C3 22.45 nd nd 
2D4 32.82 nd nd 
3A1 nd nd nd 
3B2 16.62 nd nd 
3C3 4.24 nd nd 
3D4 0.05 nd nd 
4A1 2.53 nd nd 
4B2 1.69 nd nd 
4C3 0.06 nd nd 
4D4 1.30 nd nd 
5D1 20.65 nd nd 
5C2 nd nd nd 
5B3 1.86 nd nd 
5A4 nd nd nd 
6A1 10.36 nd nd 
6B2 nd nd nd 
6C3 8.75 nd nd 
6D4 5.55 nd nd 
7A1 nd nd nd 
7B2 1.85 nd nd 
7C3 nd nd nd 
7D4 nd nd nd 
8A1 nd nd nd 
8B2 1.72 nd nd 
8C3 10.18 nd nd 
8D4 24.97 nd nd 
9A1 21.04 nd nd 
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Table 8 continued 
9B2 12.26 nd nd 
9C3 5.00 nd nd 
9D4 6.52 nd nd 
10D1 nd nd nd 
10C2 nd nd nd 
10B3 nd nd nd 
10A4 nd nd nd 
nd = not detected 
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